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METHOD FOR RECOVERING PROTEINS FROM THE 
EVTERSTITIAL FLUID OF PLANT TISSUES 

This application is a continuation of U.S. Aplication No. 09/726,648, filed 
5 November 28, 200Q; which is a continuation of U.S. Application No. 09/500,554, filed 
February 9, 2000, now U.S. Patent No. 6,284,875; which is a continuation of U.S. 
Application No. 09/132,989, filed August 11, 1998, now abandoned. 

FIELD OF THE INVENTION 

1 0 The present invention relates generally to the field of protein production and 

purification. More specifically, the present invention relates to a method for isolating 
commercial scale quantities of highly concentrated, active proteins fi-om the intercellular 
material of plants via a vacuum and centrifiigation process which does not destroy the plant 
material, permitting secondary protein extraction fiom the plant material. 

15 

BACKGROUND OF THE INVENTION 

There are many examples of valuable proteins that are useful in pharmaceutical and 
industrial applications. Often these molecules are required in large quantities and in partially 
or highly purified formulations to maintain product quality and performance. Plapts are an 
2 0 inexpensive source of proteins, including recombinant proteins. Many have proposed the 
desirability of producing proteins in large amounts in plants. However, the problems 
associated with extracting and processing products from homogenized plant tissues as well as 
purifying and recovering the recombinant protein product have been recognized as 
substantial. Austin et al. Annals New York Academy of Science, 721:234-244 (1994). These 

2 5 problems represent major impediments to successful recombinant protein production in plants 

on a large and commercially valuable scale. 

Plant cells are thought to synthesize proteins on the membranes of the endoplasmic 
reticulum and transport the proteins synthesized to the cell surface in secretory vesicles 
formed at the Golgi apparatus. A discussion of the topic is provided by Jones et al.. New 

3 0 Phytology, UJ. : 567-597 (1 989). Significant research has been devoted to elucidating the 
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specific mechanisms related to protein secretion for several particular proteins in specific 
plant tissues or cell cultures. Examples of such efforts are presented by Heibers et al. 
Biotechnology 13:63-66 (1995), Denecke et al., Ue Plant Ce// 2:51-59 (1990), Melchers et 
al., Plant Molecular Biology 21:583-593 (1 993) and Sato et al.. Biochemical and Biophysical 
5 Research Communications 211 (3) 1909-9 13 (1 995). In the case of proteins not secreted into 
the plant cell apoplasm or intercellular space, a mechanism for lysing the plant cell wall must 
be utilized in order to release and capture the protein of interest. Plant cells must be exposed 
to very high shear forces in order to break the cell walls and lyse cellular membranes to 
release intracellular contents. Proteins of interest, whether recombinantly produced or 

1 0 naturally produced by the subject plant, are thereby exposed to a hostile chemical 

environment and are particularly subject to oxidative and proteolytic damage due to the 
exposure of the product to enzymes and small molecules that were compartmentalized before 
homogenization of the tissue. In addition, most of the other total cellular protein is mixed 
with the protein of interest creating formidable purification problems if such a cell lysis 

1 5 procedure is performed. In order to \ise the biosynthetic capacity of plants for reliable protein 
production, a process to obtain specific proteins that can be secreted into the intercellular 
space (apoplasm) of plant tissues is desirable. Such a procedure would forego the need for 
homogenization. If such a procedure is performed, the fiiaction of plant material containing 
one or more proteins of interest might be obtained without homogenization. Therefore, such 

20 a procedure provides that the plant extract is enriched for the particular protein of interest, 
and the protein is protected from some chemical and enzymatic degradation. 

Since the valuable proteins and products of interest are partitioned or secreted into the 
interstitial spaces, vacuum pressure facilitates the introduction of infiltration medium into the 
interstitial space. Similarly, various forces can be applied to remove the retained fluid. 

2 5 Centrifiigal force of 1 ,000 x G is effective. Using gravity, the retained fluid can be collected 
in a trap under vacuum. With or without vacuum infiltration of a buffer, the enzyme can be 
recovered by freezing the tissue, tiiawing and applying a physical press to recover ttie fluid. 
However, such a procedure results in an undesirable increased cellular lysis. 
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Genetically modified plants are a reliable source for the production of recombinant 
proteins. Because the biological product is accumulated under nonsterile growth conditions 
and the production may be scaled to the quantities desired in a relatively inexpensive manner, 
it is feasible to exploit a dilute but enriched source such as the interstitial fluid fraction as a 
5 source for harvesting proteins of interest on an industrial scale. A variety of proteins of 
interest maybe harvested from recombinant plant sources, however, highly active, 
pharmaceutical quality enzymes, cytokines and antibodies are particularly valuable products 
that can be developed by this process. 

1 0 SUMMARY OF THE INVENTION 

The present invention features a method for extracting highly concentrated, active 
proteins from the intercellular space of plants. The intercellular space consists of a matrix of 
fluid, protein and cell wall carbohydrates. The method is applicable to the large, commercial- 
scale isolation of proteins desired from plant cells whether such proteins are naturally 

15 occurring or are produced by recombinant technology. The vacuum and centrifrigation 

process, as explained below, allows extraction of protein from the interstitial fluid of the plant 
without destroying the plant material, permitting further extraction of desired protein from the 
plant material. 

In a broad aspect, the method comprises infiltrating plant leaves with a buffer solution 
20 by subjecting submerged plant foliage to a substantially vacuum enviroimient, removing the 
excess liquid from the plant foliage after exposing the foliage to the substantially vacuum 
environment, and centrifliging the foliage to obtain the interstitial fluid. As a result of such a 
procedure, large amounts of desirable proteins may be removed from the intercellular space 
of plants thereby making it feasible to isolate naturally-occurring proteins from plant foliage 
2 5 and making it possible to produce recombinantly the desired proteins in plants and recover 
the same in commercially valuable quantities without homogenizing the plant foliage or 
otherwise significantly lysing the plant cells themselves. This material is referred to as an 
interstitial fluid, hereinafter "IF", IF extract. 
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In one embodiment, the subject plant leaves are disected completely or substantially 
down the midrib (substantially in halves) before exposing them to the buffer solution. In 
another preferred embodiment, the leaves and buffer solution are subjected to a vacuum 
pressure of about 200 up to 760 mm Hg. Even more preferably, the leaves and buffer 
5 solution are subjected to a vacuum pressure of about 400 up to 760 mm Hg. And most 
optimally, the leaves and buffer solution are subjected to a vacuum pressure of up to about 
760 mm Hg. In yet other preferred embodiments, the leaves are subjected to a low speed 
centrifugation having a G-force range of about 50 to 5,000 x G or less after the excess buffer 
solution is removed. Most preferably, the leaves are subjected to centrifugation having a G- 
1 0 force of about 2,000 x G. 

BRIEF DESCRIPTION OF THE FIGURES 

Fig. 1 General Overview Of The IF Extraction Process 
Fig. 2 Batch Vessel Infiltration 



20 DETAILED DESCRIPTION OF THE INVENTION 

The present invention features a method for extracting proteins from the intercellular 
space of plants. The method is applicable to the large-scale commercial isolation of highly 
concentrated and active proteins desired from plant cells whether such proteins are naturally 
occurring or are produced by recombinant technology, including the use of plant viral vectors 
25 or the use of transgenic plants. The vacuum and centrifugation process of the present 

invention permits extraction of protein from the intercellular space without destroying the 
plant material, thereby permitting further secondary extraction of desired proteins from the 
. plant material. These proteins derived from the secondary extraction process can be either the 
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Fig. 4 Plasmid map of TTOl A 103L (SEQ ID NO: 1) 



Fig. 5 Viral cDNA Sequence of Plasmid TTOIA 103L 
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same or different as those proteins purified from the IF fluid. 

The method generally comprises the steps of infiltrating plant foli^e with a buffer 
solution by subjecting the submerged plant foliage to a substantially vacuum environment, ' 
removing the excess liquid from the plant foliage after exposing the foliage to the 
5 substantially vacuum environment, and centrifuging the foliage. As a result of such 

procedure, large amounts of desirable proteins may be removed from the intercellular space 
of plants thereby making it feasible to isolate both naturally-occurring and recombinantly 
produced proteins from plant foliage in commercial-scale quantities without homogenizing 
the plant cells, allowing secondary extraction of desired protein from the plant cell material. 

10 Work has been conducted in the area of developing suitable vectors for expressing 

foreign DNA in plant hosts. Ahlquist, U.S. Patent 4,885,248 and U.S. Patent 5,173,410 
describes preliminary work done in devising transfer vectors which might be usefiil in 
transferring foreign genetic material into a plant host for the purpose of expression flierein. 
Additional aspects of hybrid RNA viruses and RNA transformation vectors are described by 

1 5 Ahlquist et al. in U.S. Patents 5,466,788, 5,602242, 5,627,060 and 5,500,360 all of which are 
herein incorporated by reference. Donson et al, U.S. Patent 5,316,931 and U.S. Patent 
5,589,367, herein incorporated by reference, demonstrate for the first time plant viral vectors 
suitable for the systemic expression of foreign genetic material in plants. Donson et al. 
describe plant viral vectors having heterologous subgenomic promoters for the stable 

2 0 systemic expression of foreign genes. Hence, the use of plants to produce recombinant 

proteins on a commercial scale is now possible. The present application solves the problem 
of extracting these proteins of interest from the interstitial fluid of plant foliage. 

Protein secretion in plants is a frindamental yet not frilly understood process. It is 
known that secreted proteins are synthesized on the membranes of the rough endoplasmic 

2 5 reticulum and transported to the cell surface by secretory vesicles formed on the Golgi 
apparatus. Moreover, it is known that a signal peptide is required for translocation of the 
secreted proteins across the endoplasmic reticulum. Proteins which are transported into the 
lumen of the endoplasmic reticulum may then be secreted into the interstitial space provided 
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they are not sorted by the cell to another compartment such as the vacuole. 
As knowledge about this process increases, it may be possible to design recombinant proteins 
which are specifically intended for secretion into the interstitial space of plant cells in which 
they are produced. 

5 If a significant percentage (approximately 1 0% or greater) of the total product is 

secreted then it may be preferable to isolate proteins of interest from the intercellular space of 
plants. Otherwise, a mechanism for lysing the plant cell wall must be utilized in order to 
release and capture the protein of interest. Plant cells must be exposed to very high shear 
forces in order to break the cell walls and lyse cellular membranes to release intracellular 

1 0 contents. Proteins of interest, whether recombinantly produced or naturally produced by the 
subject plant, are thereby exposed to a hostile chemical environment and are particularly 
subject to oxidative and proteolytic damage that is often enzymatically catalyzed. In addition, 
most of the otiier total cellular protein is mixed with die protein of interest creating 
formidable purification problems if such a cell lysis procedure is performed. 

1 5 Intercellular fluid extracts have previously been prepared from vacuiun infiltrated 

foliage for a variety of experimental purposes. These extracts are comprised of proteins, both 
native and nonnative, as well as other molecules. In Klement, Z. (1965) Phytopathological 
Mj/cs: 1033-1 034, the growth promoting properties of the extract were documented using a 
plant pathogenic bacterial species. Using marker enzymes for the IF and cytosolic 

2 0 compartments of the plant leaf cell, Rathmell and Sequera ( 1 974), Plant Physiol. 53:317-318 
confirmed the enrichment of a specifically secreted protein fraction and noted the utility of 
these extracts in basic research studies pertaining to biochemical and physiological 
investigations. Parent and Asselin (1984) Can. J. Bot. 62:564-569, characterized a number of 
proteins that were induced by pathogen stress and secreted in the IF (pathogenesis-related or 

25 PR proteins) and the method was applied to localize enzymatic activities and proteins to 
subcellular compartments. Van den Blucke et. al. (1989) PNAS 86:2673-2677; Heitz et al. 
(1991) Plant Physiol. 97:651-656. Regalado and Ricardo (1996) Plant Physiol 110:227-232 
noted that specific IF proteins appear to be constitutively expressed. 
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Depending on the buffer composition and treatment, there maybe various additional 
components in IF extracts including, for example, components originating from the rough and 
smooth endoplasmic reticulum, the golgi apparatus, the nucleus, the vacuole, the plasma 
transmembrane, the cytosol, the mitochondria, the chloroplasts, peroxisomes, any associated 
5 membranes and organelles. 

In genetically modified plants, IF extraction methods as well as other methods have 
been used to demonstrate the subcellular localization of a portion of the recombinant product. 
Sijomns et al. (1990) Bio/Technology 8:217-221; Firek et al. (1993) Plant Molecular Biology 
23:861-870; Yossetal. (1995) Molecular Breeding l:39-50;De Wilde etal. (1996)Plant 

1 0 Science 114:233-241 . IF extracts have been used as a starting material to purify small 
quantities of plant or plant pathogen-derived proteins for biochemical characterization. 
Melchers et al. (1993) Plant Molecular Biology 2l:5S3-593; Sato e/ a/. (1995)BBRC 
211:909-913; Kinai et al. (1995) Plant Cell 7:677-688; Liu et al. (1996) Plant Science 
121 : 123-13 1 ; Maggio et al. (1996) Plant Molecular Biology Reporter 14:249-259. 

1 5 Therefore, there is a need to isolate an extracted material having a higher specific 

activity of the active material (U activity/mg protein) and, therefore, this provides an 
etuichment process of IF components at commercial scale. 

It is not appreciated in the prior art that IF extracts might be generally useful as 
starting material for the large scale purification of highly active and potent biochemicals that 

2 0 may, for example, have applications as a source of human therapeutics. Often other methods 
of purification are pursued even when the product is shown to be secreted (Berbers et al. 
1995, supra). The failure to develop the IF method as a conmiercially feasible source of 
recombinant protein products is due to a combination of the following factors: 1) an 
incomplete characterization of the extracts, i.e. a determination of what percent of the total 

2 5 recombinant protein can be obtained by IF methods at what level of enrichment, 2) failure by 
others to demonstrate suitable activity of a product in a highly purified form and 3) a lack of 
description of industrial-scale equipment to process reasonable quantities of biomass for this 
purpose. 
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The present invention involves a vacuum and centrifugation process to provide for 
conunercial-scale protein extraction from plants. As a result of the present invention, large 
amounts of active proteins of interest may be removed fix>m the intercellular space of plants 
and concentrated for further purification thereby making it feasible to isolate naturally- 
5 occurring and recombinantly-produced proteins from plant foliage in commercially valuable 
quantities. This process has an additional advantage in that the resulting plant tissue 
following IF extraction is not destroyed and may be used for recovery of other valuable 
components by other means. 

The foliage may be harvested in any manner that is convenient. In a preferred 
1 0 embodiment, the subject plant leaves are removed from the plant and are dissected completely 
or substantially lengthwise parallel to the midvein substantially in halves before exposing 
them to a buffer solution such that the ends of numerous large lateral veins are exposed. 

Once the leaves are cut, they may be exposed to a buffer solution. A routine EDTA or 
Tris buffer solution is suitable, though those skilled in the art will appreciate that any buffer 
1 5 may be more or less appropriate for a given plant or protein of interest. In some instances, 
water may be acceptable or even preferred as a solution. It is not contemplated that the nature 
of the buffer solution, specific pH or temperature are crucial to the embodiments within the 
scope of the invention. However, it is generally recommended to maintain conditions which 
avoid oxidation, precipitation, proteolysis or denaturation of the one or more proteins of 
2 0 interest. Thus, pH, temperature, and otiier such variables should be monitored and altered as 
needed. 

Once the leaves of the plant have been placed in a buffer solution, they are subjected 
to a substantially vacuum environment. It is believed that vacuum pressure expedites soaking 
of the buffer solution by the leaf In some embodiments, the vacuum pressure may be about 
25 200 to 760 mm Hg. Most preferably, the leaves and buffer solution are subjected to a vacuum 
pressure of about 400 to 760 mm Hg. The amount of vacuum pressure may be varied within 
the scope of the invention. Also, the duration may be varied within the scope of the 
invention, however, exposure to a vacuum environment for durations of around a few seconds 
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to 10 minutes has proven especially effective. In some embodiments of the invention, the 
leaves in buffer solution are exposed to a vacuiun environment repeatedly. It is believed that 
one to three separate exposures may be especially effective. However, the number of 
exposures, duration of exposure and amount of force of the vacuum may be adjusted 
5 according to the preferences of the practitioner and to capture the most efficient embodiments 
of the method as it applies to specific plants and proteins of interest. Additionally, one skilled 
in the art can invision that molecules or products of interest other than peptides and proteins 
could be recovered from the interstitial fluid using methods generally described in the instant 
invention. For example, the methods described in the instant invention can be used to recover 
1 0 lipids, carbohydrates, lipoproteins, sugars, polysaccharides, fatty acids, nucleic acids and 
polynucleotides. 

The plant tissue is then removed from the buffering solution. They may or may not be 
subjected to a desiccation step to remove the buffer as the need or desire dictates. The leaves 
may then be placed in any convenient geometric array for centrifugation. In preferred 

1 5 embodiments the leaves are transferred from the centrifuge by means of a discontinuous 

discharge basket centrifuge rotor. When a discontinuous discharge basket centrifuge rotor is 
used, an initial spin is performed to move the biomass to the wall of the rotor and then the 
full-speed spin is performed. In especially preferred embodiments, it is contemplated that a 
large volume of leaves will be simultaneously subjected to the vacuum and centrifiiging 

2 0 devices. Thus, it is anticipated that large, commercially available vacuum pumps and basket 
centrifuges such as those made by Heine®, Ketna® or Sandbom® will be used in the subject 
method. It is especially preferred to assemble the leaves in bags for a basket centrifiige. 

The leaves may then be subjected to centrifugation after the excess buffer solution is 
substantially removed. In preferred embodiments, it is contemplated that low speed 

2 5 centrifugation is appropriate. By low speed centriftigation is meant about 5,000 x G or less. 
By the centrifugation procedure, the interstitial fluid is removed from the plant. The 
interstitial fluid may be collected in any convenient collecting device, e.g., a tank, or directed 
to additional purification equipment, e.g., chromatography and ultrafiltration. 
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Once the interstitial fluid is collected from plant leaves, the one or more proteins of 
interest may be concentrated and purified according to any suitable purification procedures. 
Such procedures may include but are not limited to protein precipitation, expanded bed 
chromatography, ultrafiltration, anion exchange chromatography, cation exchange 
5 chromatography, hydrophobic-interaction chromatography, HPLC, FPLC and affinity 

chromatography. A general discussion of some protem purification techniques is provided by 
Jervis et al.. Journal of Biotechnology 11:161-198 (1989), the teachings of which are herein 
incorporated by reference. 

It is contemplated that the method of the present invention is useful with any and all 
10 plant tissues (such as leaves, roots, shoots, stems, flowers, firuits, embryos, seedlings) that 
may be treated as saturated solids after vacuum infiltration. For example, this may include 
germinating embryos and seedlings. However, plants possessing substantially synraietrical 
leaves with a midrib may be especially usefiil in the present method because the interstitial 
fluid may be more easily obtained fiwm such leaves as a result of flie highly suitable 
1 5 morphology. In especially preferred embodiments, the plant used is tobacco since tobacco 
has proven to be especially usefiil in producing recombinant proteins of interest on a large 
scale. However, it is not intended that the present invention be limited to any particular plant 
species or tissues. 

20 The following definitions are provided merely to clarify the present invention: 

By "vacuum environment" is meant any environment regardless of the confines 
defining the same and regardless to the mechanism producing the same in which the 
atmospheric pressure has been substantially reduced fi-om that observed under normal 
conditions at sea level. 

25 By "protein of interest" is meant any complete protein or peptide or fi-agment thereof 

whether naturally occurring in a cell or produced therein by recombinant methods. The term 
is intended to encompass amino acid sequences which are glycosylated as well as those which 
are not glycosylated. The term is also intended to encompass sequences which are naturally 
occurring or wild type and those which have been modified or mutated, including 
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modification to include a signaling peptide sequence which causes the protein to be directed 

to a specific compartment within the cell. The temi is also intended to encompass protein 

fusions. 

By "interstitial fluid" is meant the extract obtained from all of the area of a plant not 
5 encompassed by the plasmalemma i.e., the cell surface membrane. The term is meant to 
include all of the fluid, materials, area or space of a plant which is not intracellular (wherein 
intracellular is defined to be synonymous with innercellular) including molecules that may be 
released from the plasmalemma by this treatment without significant cell lysis. Synonyms for 
this term might be exoplasm or apoplasm or intercellular fluid or extracellular fluid. 
1 0 Interstitial fluid is abbreviated in the instant invention as IF. 



EXAMPLES 

The following examples further illustrate the present invention. These examples are 
intended merely to be illustrative of the present invention and are not to be constmed as being 
15 limited. 

These experiments demonstrate that a significant portion of the total protein in the 
leaf can be simply recovered from the interstitial fiaction while enriching for purity. These 
experiments further demonstrate that the methods are useful for the isolation of highly active 
products on a very large scale. Those skilled in the art may optimize the process for numerous 
2 0 variables specific for each protein such as buffer composition and temperature, etc. 

EXAMPLE I : Extraction of g-Trichosanthin protein 

a-Trichosanthin (a-TCS) is a eukaryote ribosome-inactivating enzyme that cleaves 
an N-glycosidic bond in 28S rRNA. a-TCS, as well as oflrer ribosome-inactivating proteins 
2 5 and conjugates are being evaluated as therapeutics for cell-directed death. In previous work 
we demonstrated that plants transfected with a proprietary KNA viral vector produce 
recombinant a-TCS to 2% of the total soluble leaf protein with high fidelity (Kumagai et al. 
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90:427-430 (1993)). 

Leaves from plants transfected with the vector TB2 (ATCC Deposit No. 75280) were 
removed at the petiole and slit down the midrib into two equal halves. To obtain a total 
cellular homogenate, one group of half-leaves was ground in the presence of 4 volumes of 
5 detergent extraction buffer (100 mM potassium phosphate pH 6.5 mM EDTA, 10 mM, 

a-mercaptoethanol and 0.5% w/v sodium taurocholate) with a mortar and pestle after freezing 
the tissue in liquid nitrogen. To recover the interstitial fluid (IF), the same enzyme extraction 
buffer was infiltrated into the opposing group of half-leaves by submerging the tissue and 
pumping a moderate vacuum (500 mm Hg). After draining off excess buffer, the undisrupted 

1 0 half-leaves were rolled gently in parafilm, placed in disposable tubes and the interstitial fluid 
(IF) was collected by low-speed centrifugation (1,000 x G) for a period of 5-15 minutes. The 
weight of buffer recovered from the infiltrated leaf tissue is recorded and varies from 
approximately one-half to equal the original weight of the leaf a-TCS expression in IF 
extracts was confirmed by Western analysis and levels were quantified using a densitometer 

1 5 tracing of a Coomassie-stained gel. Total protein was determined by the method described by 
Bradford. Bradford, Anal. Biochem 72:248 1 976. 

The following data presented as Table 1 demonstrate that recombinant a-TCS, shown 
in previous work to retain fiill enzymatic activity, may be successfiilly extracted from the 
interstitial fluid of plant leaves using the present method. The IF method results in a recovery 

20 of 9% of the total a-TCS of the leaf at a 6-fold enrichment relative to an extract obtained by 
homogenization (H). The a-TCS production results may be improved by optimizing the time 
post-inoculation with the viral vector and minimizing the contamination of viral coat protein 
in the interstitial firaction. 
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EXAMPLE 2: Extraction of Amylase protein 

Amylase (AMY) is an important industrial enzyme used to degrade starch. Leaves 
from plants transfected with the vector TTO 1 A 1 03L were removed at the petiole and slit 
down the midrib into two equal halves. The plasmid map of TTOl A 103L is shown in Figure 
5 4. The viral cDNA sequence of plasmid TTO 1 A 103L is shown in Figure 5. To obtain a total 
cellular homogenate, one group of half-leaves was ground in the presence of 4 volumes of 
detergent extraction buffer (100 mM potassium phosphate pH6.5, 5 mM EDTA, 10 mM, a- 
mercaptoethanol and 0.5% w/v sodium taurocholate) with a mortar and pestle after freezing 
the tissue in liquid nitrogen. To recover the interstitial fluid (IF), the same enzyme extraction 

1 0 buffer was infiltrated into the opposing group of half-leaves by submerging the tissue and 
pumping a moderate vacuum (500 mm Hg). After draining off excess buffer, the undisnipted 
half-leaves were rolled gently in parafilm, placed in disposable tubes and the interstitial fluid 
(IF) was collected by low-speed centrifugation (1,000 x G for about 15 minutes). The weight 
of buffer recovered from the infiltrated leaf tissue is recorded and varies from approximately 

15 one-half to equal the original weight of the leaf. AMY expression in IF extracts was 

quantified using a commercially available enzyme assay reagents and protocol. Total protein 
was determined by the method described in Bradford, Anal Biochem 72:248 1976. The AMY 
enzyme assay is described in Sigma Procedure No. 577. 

The following data presented as Table 2 demonstrate that active recombinant AMY 

2 0 may be successfully extracted from the interstitial fluid of plant leaves using the present 

method. The IF method results in a recovery of 34% of the total AMY activity of the leaf at a 
27-fold enrichment relative to an extract obtained by homogenization (H). The AMY 
production results may be improved by optimizing the time post-inoculation with the viral 
vector and minimizing the contaminating viral coat protein from the intercellular fraction. 

25 

EXAMPLE 3: Extraction of Glucocerebrosidase protein 

Glucocerebrosidase (GCB), either derived from human placental tissue or a 

recombinant form from Chinese hamster ovary cells (CHO), is presently used in an effective 

but costly treatment of the heritable metabolic storage disorder known as Gaucher disease. 

14 
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We combined a dual promoter from Cauliflower Mosaic Virus (35S), a translational enhancer 
from Tobacco Etch Virus and a polyadenylation region from the nopaline synthetase gene of 
Agrobacterium tumefaciens with the native human GCB cDNA to create plasmid pBSG638. 
These expression elements are widely used to provide tiie highest possible constitutive 
5 expression of nuclear-encoded genes in plants. 

Using a standard Agrobacterium-rsv&d^dXtA. transformation method, we regenerated 93 
independent kanamycin-resistant transformants from leaf discs of four different tobacco 
cultivars (the TO generation). In Western blots of total protein extracts, cross-reacting antigen 
was detected in 46 of these TO individuals with antibody raised against human 
1 0 glucocerebrosidase. Specificity of the plant-expressed recombinant enzyme was confirmed 
by hydrolysis of 14C-radiolabeled glucosylceramide. According to these expression results 
the rGCB positive transformants were ranked into moderate (A), low (B).and negligible (C) 
activity groups. 

We also found reaction conditions to preferentially inhibit rGCB enzyme activity in 
15 the presence of plant glucosidases using the suicide substrate conduritol B-epoxide (CBE). 
Total glucosidase activity, and rGCB activity were measured by hydrolysis of the fluorescent 
substrate 4-methylumbelliferyl glucopyranoside (4-MUG) with and without CBE. Leaves 
from transgenic plants were removed at the petiole and disected down the midrib into two 
equal halves to make a convenient size leaf material for the equipment used. To obtain a total 
2 0 cellular homogenate, one group of half-leaves was ground in the presence of 4 volumes of 
detergent extraction buffer (100 mM potassium phosphate pH 6.5 mM EDTA, 10 mM, a- 
mercaptoethanol and 0.5% w/v sodium taurocholate) with a mortar and pestle after freezing 
the tissue in liquid nitrogen. One of ordinary skill in the art could readily envision a buffer 
wherein tiie EDTA is substituted with other chelaters such as EGTA and citrate. One of 
2 5 ordinary skill in the art could readily envision a buffer solution wherein a-mercapto ethanol 
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is substituted by other antioxidants including ascorbate, sodium metabisulfite and 
dithiothreitol. One of ordinary skill in the art can readily invision that a buffer solution could 
substitute the sodium taurocholate with other detergents including: SDS, Triton® (t- 
octylphenoxypolyethoxyethanol), Tween® (fatty acid esters of polyoxyethylene sorbitan), 
5 phospholipids, bile salts, sodium deoxycholate and sodium lauryl sulfate. To recover the 
interstitial fluid (IF), the same enzyme extraction buffer was infiltrated into the opposing of 
group of half-leaves by submerging the tissue and pumping a moderate vacuum (500 mm 
Hg). After draining off excess buffer, the undismpted half-leaves were rolled gently in 
parafilm, placed in disposable tubes and the interstitial fluid (IF) was collected by low-speed 

1 0 centrifugation (1,000 x G) for about 15 minutes. The weight of buffer recovered fix>m the 
infiltrated leaf tissue is recorded and varies from approximately one-half to equal the original 
weight.of the leaf. Using the suicide substrate, conduritol fi-epoxide (CBE), inhibition of 
recombinant glucocerebrosidase (rGCB) activity in the presence of plant glucosidases was 
achieved. Enzyme activity was measured at 37'C in a reaction mixture containing 5 mM 

15 methylumbelliferyl B-D glucoside, 0.1 M potassium phosphate, 0.15% Triton-XlOO, 0.125% 
sodium taurocholate, 0.1% bovine serum albumin, pH 5.9 with and without CBE. Total 
glucosidase activity and rGCB activity were measured by hydrolysis of the fluorescent 
substrate 4-methylumbelliferyl glucopyranoside. One unit of activity is defined as the amount 
of enzyme required to catalyze die hydrolysis of 1 nmol of substrate per hour. Total protein 

2 0 was determined using the Bio-Rad Protein Assay® based on the method of Bradford 
(Bradford, M.,Anal. Biochem. T2:2A^; 1976) 

The following data presented as Table 3 demonstrate that active recombinant GCB 
may be successfully extracted from the interstitial fluid of plant leaves using the present 
method. The IF method results in a recovery of 22% of the total GCB activity of the leaf at a 

25 1 8 -fold enrichment relative to an extract obtained by homogenization. 
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EXAMPLE 4: Extraction of Avian Interferon type n (gamma) 

Avian (chicken) interferon type n (gamma) has been expressed and active enzyme 
extracted firom die interstitial space of Nicotiana benthamiana and Nicotiana tabacum. The 
. 5 interferon could be efficiently extracted from plants grown in die field or greenhouse using 
either gram (bench-scale extraction) or Kg (pilot-scale extraction) quantities of plant tissue. 

Actively growing N. benthamiana or N. tabacum were inoculated with eidier 
infectious transcripts or virion of a recombinant plant construct as described by Donson et al, 
supra, harboring the chicken interferon gamma gene. Avian interferon was extracted from 
1 0 systemically infected leaves 10 days to 3 weeks post inoculation. 

EXAMPLE 4a 

For bench-scale extractions, systemically infected leaves (3-80 grams) were detached from 
the plant at the leaf base, weighed, and placed in an appropriate sized beaker. The leaf 

15 material was completely covered with a buffered solution (100 mM Tris-HCl pH 7.5 buffer 
containing 5 mM MgCh and 2 mM EDTA). The immersed leaves were covered with a 
Nalgene vacuum jar and a vacuum was pumped (720 mm Hg) and held for 2 minutes and 
then rapidly released. This vacuum infiltration was then repeated for a total of two cycles. 
Following the vacuum infiltrations, the leaves were removed from the beaker and surface 

2 0 buffer was removed from the leaves' surface by blotting between absorbent paper. Leaves 
were placed in a 250 ml bottle, containing a supported mesh which allows for the separation 
and recovery of the IF from the leaf material. The interstitial fluid (IF) was recovered from the 
vacuum infiltrated leaves by centrifugation (3,000 x G, 15 minutes). 

25 EXAMPLE 4b 

For pilot-scale extractions, systemically infected leaves from field grown plants were stripped 
off the stalks by hand and weighed. Five kg of leaves were placed into polyester mesh bags 
(Filtra-Spec®, 12-2-1053), and two x 5 kg bags of leaves were placed into a metal basket. 
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The metal basket containing the leaf material was placed in a 200 L Muellei® 
vacuum tank containing ~ 50 liters of buffered solution (100 mM Tris-HCl pH 7.5 buffer 
containing 5 mM MgCh and 2 mM EDTA). A 70 lb. stainless steel plate was placed over 
the leaves/bags to assure complete immersion. A vacuum was pumped to 27 inches Hg and 
5 held for 1 minute and then rapidly released. This vacuum infiltration was then repeated for a 
total of two cycles. Following the vacuum infiltrations, the leaves and basket were removed 
from die vacuum tank. The bags containing ttie vacuum infiltrated leaves were allowed to 
gravity drain surface buffer for ^10 minutes, prior to centifugation. The interstitial fluid (IF) 
was recovered from the vacuum infiltrated leaves by centrifiigation (1,800 x G, 30 minutes) 

10 using a Heine(S) basket centrifuge (bowl dimensions, 28.0 inch diameter x 16.5 inches). 
Collected IF was filtered through a 25 ^m, Rosedale® sock filter and then through a 5 ^im, 
Campbell Waterfilter® cartridge filter and then stored at 4"'C, prior to analysis. 

The amount of interferon protein in an IF extract was determined by quantitative 
immunoblotting piocedures using specific antisera to avian type 11 interferon and E. coli 

1 5 produced type n interferon in known quantities as standard. Based on quantitative 

immunoblotting, and partial purification, we estimate the specific activity of interferon in N. 
benthamiana IF at or near 10^ U/mg which is essentially equal to interferon isolated from 
native sources. Biological activity was determined by the nitrous oxide (NO) release assay as 
described in Lowenthal, J.W., Digby, M.R. and York, J. J. Production of hiterferon-y by 

20 Chicken T Cells, J. Interferon and Cytokine Res. (1995) 15:933-938. Specificity of activity 
was determined by pre-incubation of IF fluid with a neutralizing antibody followed by 
measuring activity in the NO release assay. 
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Table 4 
Greenhouse: 



Plant type 


Av. Tissue Amt. 


Interferon protein yield' 


Yield activity^ 


N. benthamiana 


3-60 g 


1 mg/lOOgfreshwt 


-30,000 U/ml IF 


N. tabacum cv. MD609 


20 g 


0.1 mg/lOOg fresh wt 


-3,000 U/ml IF 


NitabacumTI231 


20 g 


O.I mg/IOOg fresh wt 


-3,000 U/ml IF 



Tables 

Field: 



Greenhouse Plant type 


Av. Tissue Amt. 


Interferon protein yield' 


Yield activity^ 


N. tabacum cv TI264 


80 g 


0.05 mg/100 g fresh wt 


ND*, 


N. tabacum cv TI264 


10 kg 


0.01 mg/100 g fresh wt 


-200 U/ml IF** 



Interferon protein yield was estimated by quantitative immunoblotting. 
5 ^Interferon activity was determined by the NO release assay as described by Lowenthal et al. supra 
*Not determined 

**Activity estimates contained some lack of specificity (activity not neutralized by specific antibody) in 
NO release assay. 



10 EXAMPLE 5: Extraction of mouse scFv protein 

Actively growing N. benthamiana were inoculated with infectious transcripts of a 
recombinant plant construct as described by Donson et al., supra, harboring a scFv protein from 
the 3 8C 13 mouse lymphoma. Mouse 38C13 scFv protein was extracted from systemically 
infected leaves 1 1-14 days post inoculation. 

1 5 Systemically infected leaves (3-80 grams) were detached from the plant at flie leaf base, 

weighed, and placed in an appropriate sized beaker. The leaf material was completely covered 
with a buffered solution (100 mM Tris-HCl pH 7.5 buffer containing 10 mM MgCh and 2 mM 
EDTA). The immersed leaves were covered with a Nalgene vacuum jar and a vacuum was 
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pumped to 700 mm Hg, and held for 2 minutes and then rapidly released. This vacuum 
infiltration was then repeated for a total of two cycles. Following the vacuum infiltrations, the 
leaves were removed from the beaker and surface buffer was removed from tiie leaves' surface 
by blotting between absorbent paper. The interstitial fluid (IF) was recovered from the vacuum 
5 infiltrated leaves by centrifijgation (3,000 x G, 1 5 minutes). Leaves were centrifuged in a 250 
ml bottle, containing a supported mesh which allows for the separation and recovery of the IF 
from the leaf material. The IF fluid containing the scFv protein was filtered through a 0.2 ^m 
membrane and stored at -80°C. 

The product and purification of 38C13 scFv protein from plant IF fluid was determined 
10 by Western analysis using S 1 C5, a monoclonal anti-idiotype antibody which recognizes native 
38C13 IgM protein. The S1C5 antibody cross reacted Avith a 30 KD protein of the expected size 
of 38C13 scFv and a 60 KD protein, which is the conect size for a spontaneously assembling 
scFv dimer. No cross reactivity to plant proteins in IF extracts prepared from control infected 
plants was observed. 

15 The quantity of plant-produced 38C13 scFv protein recovered from IF extracts was 

measured by S 1 C5 ELIS A. Leaf IF extracts were determined to contain 20-60 Hg of 3 8C 1 3 
scFv protein/ ml IF fluid or 1 1-30 ^g of 38C13 scFv protein/ g fresh weight. Since ELIS A 
conditions favor anti-idiotype recognition in solution, it is concluded that the major firaction of 
38C13 scFv isolated from plant IF fluid is soluble and properly folded. 

20 

EXAMPLE 6: Extraction of secretory immunoglobulin from transgenic tobacco 

Leaves from transgenic, SIgA-G expressing N. tabacum (15 grains), (Science, 268:716, 
1995), were detached from the plant at the leaf base, weighed, and placed in an appropriate sized 
beaker. The leaf material was completely covered with a buffered solution of either 100 mM 
25 Tris-Hcl pH 7.5 buffer containing 10 mM MgCh, 2 mM EDTA and 14.3 mM 2- 
mercaptoethanol or 100 mM potassium phosphate, pH6.0, 5 mM EDTA, 10.0 mM 2- 
mercaptoethanol and 0.5% taurocholic acid). The immersed leaves were covered with a 
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Nalgene® vacuum jar and a vacuum was pumped to 750 mm Hg, and held for 1 minute and 
then rapidly released. Following the vacuum infiltrations, the leaves were removed from the 
beaker and surface buffer was removed from tiife leaves' surface by blotting between absoibent 
paper. The interstitial fluid (IF) was recovered from the vacuum infiltrated leaves by 
5 centrifiigation (1 500 x G, 1 5 minutes). Leaves were centiifuged in a 250 ml bottle, containing a 
supported mesh which allows for the separation and recovery of the IF from the leaf material. 

Protein immunoblots of the IF extracts were prepared under reducing conditions. Ig was 
detected in the immunoblots using goat anti-mouse IgA conjugated to horseradish peroxidase. 
Approximately 10% of the IgA present in the plant was detected in the IF extracts. There was 
10 no visible difference in the quantity of Ig in the IF fiactions produced using the different buffers 
described above. No cross reactivity to plant proteins in IF extracts prepared from confrol plants 
was observed. 

EXAMPLE 7: Pilot Scale Purification of Glucocerebrosidase from the Intercellular Fluid of 
15 Tobacco 

MD609 leaf tissue (1-2 kilograms) of transgenic tobacco expressing the lysosomal 
enzyme glucocerebrosidase was harvested, the mid vein removed and the tissue weighed. 
Tissue was submerged with 2-4 volumes of buffer (0.1 M KPO4 buffer, pH 6.0, 5 mM EDTA, 
0.5% taurocholic acid, 10 mM 2-mercaptoethanol) using an infiltration vessel that 

2 0 acconmiodates several kilograms of leaf tissue at one time. A perforated metal plate was placed 
on top of tissue to weigh down the tissue, and a vacuum was pumped to 620-695 mm Hg for 1-2 
minutes x 3. The vacuum was released between subsequent applications. Tissue was rotated 
and the vacuum reapplied to achieve complete infiltration. Multiple applications of the vacuum 
without isolating the interstitial fluid constitutes a single infiltration procedure. An indication of 

2 5 complete infiltration is a distinct darkening in color of the underside of the leaf tissue. Excess 
buffer on the tissue was drained. The interstitial fluid was released from the tissue by 
centrifuging the tissue in a basket rotor (10 in. x 4,25 in., InterTest Equipment Services, San 
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Jose, CA/Biosource Design 25-061 1000) at 4200 RPM (2500 x G) for 10 minutes. The 
interstitial fluid was collected by aspiration (BF-l). Alternatively, the leaf tissue can be re- 
infiltrated by placing the leaves back in the infiltration vessel in the same buffer used above and 
the process repeated (IF-2). The second infiltration does not require as many cycles of vacuum 
5 infiltration and vacuum release. Additionally, the buffer may be drained firom the infiltration 
vessel (spent buffer) and pooled with the 1st and 2nd IF fractions. Collectively, EF-l , IF-2 and 
spent buffer constitutes the IF pool. The volume of interstitial fluid collected from the 
infiltrated leaf tissue was between 50 - 100% of the leaf tissue by weight depending on the 
number of infiltrations carried out. 

1 0 Recombinant GCB was purified by loading the dilute IF (feed stream) directly on a 

Pharmacia Streamline 25® column containing Phenyl Streamline® resin. Expanded bed 
chromatography enabled us to capture, clarify and concentrate our protein in one step without 
the need for centrifugation and/or microfiltration steps. The column was equilibrated and 
washed until the UV-signal on the recorder returned to baseline with 25 mM citrate, 20% 

15 ethylene glycol, pH 5.0; bound enzyme was eluted with 25 mM citrate, 70% ethylene glycol. 
The eluted material was further purified on a cation exchange resin, SP Big Beads® 
(Pharmacia), equilibrated in 25 mM citrate, 75 mM NaCl, pH 5.0. GCB was eluted with either 
a step gradient of 25 mM citrate, 0.5 M NaCl, 10% ethylene glycol, pH 5.0 or a linear gradient 
of 75 mM - 0.4 M NaCl in 25 mM citrate, pH 5.0. All chromatography steps were carried out 

20 at room temperature. 

Using the suicide substrate, conduritol B-epoxide (CBE), inhibition of recombinant 
glucocerebrosidase (rGCB) activity in tiie presence of plant glucosidases was achieved. Enzyme 
activity was measured at 37°C in a reaction mixture containing 5 mM methylumbelliferyl 6-D 
glucoside, 0.1 M Potassium Phosphate, 0.15% Triton-XlOO, 0.125% sodium taurocholate, 0.1% 

2 5 bovine serum albumin, pH 5.9 with and without CBE. Total glucosidase activity and rGCB 
activity were measured by hydrolysis of the fluorescent substrate 4-methylumbelliferyI 
glucopyranoside. One unit of activity is defined as the amount of enzyme required to catalyze 
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the hydrolysis of 1 nmol of substrate per hour. Total protein was determined using the Bio-Rad 
Protein Assay based on the method of Bradford (Bradford, M. Anal. Biochem. 72:248; 1976). 

Typically ftom 1 kilogram of leaves where IF-1 alone was collected we obtained 4 
million units of GCB at a specific activity of 20,000. The Units /kg increased to 6 million with 
5 a lower specific activity of 10,000 when IF Pool was collected (IF-1, IF-2.and spent buffer). 
Table 6 below contains data that is representative of several experiments. 

EXAMPLE 8: Ultrafiltration/Concentration of Intercellular Fluid fix>m Tobacco Expressing 
Glucocerebrosidase 

10 2.3 kilograms of MD609 leaf tissue firom transgenic tobacco expressing the lysosomal 

enzyme glucocerebrosidase was harvested, the mid vein removed and the tissue weighed. Tissue 
was submerged with 2-4 volumes of buffer (0. 1 M KPO4 buffer, pH 6.0, 5 mM EDTA, 0.5% 
taurocholic acid, 10 mM 2-mercaptoethanol) in an infiltration vessel that accommodates several 
kilograms of leaf tissue at one time. A perforated metal plate was placed on top of tissue to 

15 weigh down the tissue. A vacuum was pumped to 620-695 mm Hg for 1-2 minutes x 3. The 
vacuum was released between subsequent applications. Tissue was rotated and the vacuum 
reapplied to achieve complete infiltration. Excess buffer on the tissue was drained. The 
interstitial fluid was released from the tissue by centrifuging the tissue in a basket rotor (10 in. x 
4.25 in., Intertest Equipment Services, San Jose, CA/Biosource Design 25-06 11 000) at 4200 

2 0 RPM (2500 X G) for 10 minutes. The interstitial fluid was collected by aspiration 

QF-l). The leaf tissue was re-infiltrated by placing the leaves back in the infiltration vessel in 
the same buffer used above and the process repeated (IF-2). The buffer was drained firom the 
infiltration vessel (spent buffer) and pooled with the 1st and 2nd IF fi^ctions. Collectively, IF-1, 
IF-2 and spent buffer constitutes the IF pool. The IF pool was filtered through Miracloth and 

25 then concentrated 6 fold by passing the IF pool through a 1 sq. ft. spiral membrane (30K 
molecular weight cutoff) using an Amicon RA 2000® concentrator equipped with an LP-1 
pump. 
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Using the suicide substote, conduritol 6-epoxide (CBE), inhibition of recombinant 
glucocerebrosidase (rGCB) activity in the presence of plant glucosidases was achieved. 
Enzyme activity was measured at 37°C in a reaction mixture containing 5 mM 
methylumbellifeiyl B-D glucoside, 0.1 M potassium phosphate, 0.15% Triton-XlOO, 0.125% 
5 sodium taurocholate, 0.1% bovine serum albumin, pH 5.9 with and without CBE. Total 
glucosidase activity and tGCB activity were measured by hydrolysis of the fluorescent 
substrate 4-methylumbelliferyl glucopyranoside. One unit of activity is defined as the amount 
of enzyme required to catalyze the hydrolysis of 1 nmol of substrate per hour. Total protein 
was determined using the Bio-Rad Protein Assay® based on the method of Bradford 
10 (Bradford, M, Anal. Biochem. 72:248; 1976). See Table 7 below. 

EXAMPLE 9: Pilot Scale Purification of Glucocerebrosidase froiri the Intercellular Fluid of 
Field Grown Tobacco 

100 kilograms of MD609 leaf tissue from transgenic tobacco expressing the lysosomal 
15 enzyme glucocerebrosidase was harvested from the field each day for a period of two weeks. 
The tissue was stripped off the stalks by hand and weighed. Five kilograms of leaves were 
placed into polyester bags (Filtra-Spec®, 12-2-1053) and four x 5 kg bags of leaves were 
placed into a metal basket. The metal basket containing the leaf material was placed in a 200 
liter Mueller vacuum tank containing ~ 100 liters of buffered solution (0.1 KPO4 buffer, pH 
2 0 6.0, 5 mM EDTA, 0.5% taurocholic acid, 10 mM 2-mercaptoethanol). A 70 lb. stainless steel 
plate was placed over the leaves/bags to assure complete immersion. A vacuum was pumped 
to 695 mm Hg, held for 1 minute and then rapidly released. This vacuum infiltration was 
repeated for a total of two cycles. Multiple applications of the vacuum without isolating the 
interstitial fluid constitutes a single infiltration procedure. An indication of complete 
2 5 infiltration is a distinct darkening in color of the underside of the leaf tissue. Following the 
vacuum infiltrations, the leaves and basket were removed from the vacuum tank. The bags 
containing the vacuum infiltrated leaves were allowed to gravity drain surface buffer for ~ 10 
minutes, prior to centrifiigation. The interstitial fluid (IF) was recovered from the vacuum 
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infiltrated leaves by centrifiigation (1,800 x G, 30 minutes) using a Heine® basket centrifuge 
(bowl dimensions, 28.0 inches diameter x 16.5 inches). 

Collected IF was filtered tiirough a SO^i cartridge filter and then stored at 4°C, until the 
entire 100 kilograms of tissue was infiltrated. This process was repeated with the next set of 
5 four 5 kg bags (5 x 20 kg cycles total) until all the tissue was infiltrated. Additional buffer was 
added during each infiltration cycle to completely immerse the tissue. Alternatively, the leaf 
tissue can be re-infiltrated by placing the leaves back in the infiltration vessel in the same buffer 
used above and the process repeated (IF-2). Additionally, the buffer may be drained from the 
infiltration vessel (spent buffer) and may be pooled with the 1st and 2nd IF fractions. 

1 0 Collectively, IF- 1 , IF-2 and spent buffer constitutes the IF pool. The volume of interstitial fluid 
collected from the infiltrated leaf tissue was between 42-170% of the leaf tissue by weight 
depending on the number of infiltrations carried out. 

Recombinant GCB was purified by loading the dilute interstitial fluid (feed stream) 
directly on a Pharmacia Streamline 200® column containing Phenyl Streamline® resin. 

1 5 Expanded bed chromatography enabled us to capture, clarify and concentrate our protein in one 
step without the need for centrifiigation and/or microfiltration steps. The column was 
equilibrated and washed until the UV-signal on die recorder returned to baseline with 25 mM 
citrate, 20% ethylene glycol, pH 5.0; the bound enzyme was eluted with 25 mM citrate, 70% 
ethylene glycol. The eluted material was sterile filtered by passing the eluted material through a 

20 1 sq. ft. 0.8 um Sartoclean GF® capsule followed by a 1 sq. ft. 0.2 um Sartobran P® sterile filter 
(Sartorius, Corp.) and stored at 4"'C until the next chromatography step. The eluted material 
from 4-5 days of Phenyl Streamline® chromatography runs was pooled together and further 
purified on a cation exchange resin, SP Big Beads® (Pharmacia), equilibrated in 25 mM citrate, 
75 mM NaCl, pH 5.0. GCB was eluted with a step gradient of 25 mM citrate, 0.4 M NaCl, 10 

25 % ethylene glycol, pH 5.0. All chromatography steps were carried out at room temperature. 
The eluted material was sterile filtered by passing the eluted material through a 1 sq. ft. 0.8 um 
Sartoclean GF® capsule followed by a I sq. ft. 0.2 um Sartobran P® sterile filter (Sartorius, 
Corp.) and stored at 4°C. 
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Using the suicide substrate, conduritol B-epoxide (CBE), inhibition of recombinant 
glucocerebrosidase (rGCB) activity in the presence of plant glucosidases was achieved. Enzyme 
activity was measured at 37*^ in a reaction mixture containing 5 mM methylumbelliferyl 6-D 
glucoside, 0.1 M Potassium Phosphate, 0.15% Triton-XlOO, 0.125% sodium taurocholate, 0.1% 
5 bovine serum albumin, pH 5.9 wifli and without CBE. Total glucosidase activity and rGCB 
activity were measured by hydrolysis of the fluorescent substrate 4-methyiumbellifeiyl 
glucopyranoside. Total protein was determined using the Bio-Rad Protein Assay® based on the 
method of Bradford (Bradford, M. Anal. Biochem. 72:248; 1 976). 

Typically ftom 1 kilogram of field grown tobacco, expressing GCB, where IF-1 alone 
1 0 was collected we obtained 435,000 units of GCB at a specific activity of 2,745 units. The Unit 
/kg increased to 755,000 with a specific activity of 3,400 when IF Pool was collected (IF-1, IF-2 
and spent buffer). 

Table 8 below contains data that is representative of one week of experiments. 

15 EXAMPLE 10: Chopped Tissue Experiment 

An experiment was carried out where 100 kilograms of MD609 leaf tissue of transgenic 
tobacco expressing the lysosomal enzyme glucocerebrosidase was harvested off the stalks by 
hand, weighed and chopped into small pieces to increase the surface area for buffer infiltration. 
Five kilograms of leaves were placed into polyester bags (Filtra-Spec®, 12-2-1053) and four x 5 

20 kg bags of leaves were placed into a metal basket. The metal basket containing the leaf material 
was placed in a 200 liter Mueller® vacuimi tank containing -100 liters of buffered solution (0.1 
KPO4 buffer, pH 6.0, 5 mM EDTA, 0.5% taurocholic acid, 10 mM 2-mercaptoethanol). A 70 
lb. stainless steel plate was placed over the leaves/bags to assure complete immersion. A 
vacuum was pulled 695 mm Hg, held for 1 minute and then rapidly released. This vacuum 

2 5 infiltration was repeated for a total of two cycles. Following the vacuum infiltrations, the leaves 
and basket were removed firom the vacuum tank. The bags containing the vacuum infiltrated 
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leaves were allowed to gravity drain surface buffer for ~ 10 minutes, prior to centrifugation. 
The interstitial fluid (IF) was recovered from the vacuum infiltrated leaves by centrifugation 
(1,800 X G, 30 minutes) using a Heine® basket centrifuge (bowl dimensions, 28.0 inches 
diameter x 16.5 inches). Collected IF was filtered through a 50 cartridge filter and then stored 
5 at 4'*C, until the entire 100 kilograms of tissue was infiltrated. This process was repeated with 
the next set of four 5 kg bags (5 cycles x 20 kg cycles total) until all the tissue was infiltrated. 
Additional buffer was added during each infiltration cycle to completely immerse the tissue. In 
order to evaluate how much enzyme was recovered in the interstitial fluid, the tissue from which 
the interstitial fluid was isolated was then homogenized in a Waring® blender with 4 volumes 
10 of the same infiltration buffer as above, centrifuged and the supematant assayed for enzyme 
activity. 

Recombinant GCB was purified by loading the dilute interstitial fluid (feed stream) 
directly on a Pharmacia Streamline 200® column containing Phenyl Streamline® resin. The 
column was equilibrated and washed until UV-signal on recorder returned to baseline with 25 
1 5 mM citrate, 20% ethylene glycol, pH 5.0 and then eluted with 25 mM citrate, 70% ethylene 
glycol. All chromatography steps were carried out at room temperature 
Table 9 below contains data from the chops experiment. 

EXAMPLE 1 1 : Pilot Scale Purification of Alpha Galactosidase from the Intercellular Fluid of 
20 Nicotiana benthamiana 

Actively growing Nicotiana benthamiana plants were inoculated with infectious 
transcripts of a recombinant plant viral construct containing the lysosomal enzyme alpha 
galactosidase gene wherein tiie a-galuctosidase gene contains a caiboxy-terminal modification 
to the nucleotide sequence to enable secretion to the interstitial space. Systemically infected leaf 
2 5 tissue (1-2 kilograms) was harvested from Nicotiana benthamiana expressing alpha 

galactosidase 14 days post inoculation. The tissue was weighed and submerged with 2-4 
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volumes of buffer (25 mM bis tris propane buffer, pH 6.0, 5 mM EDTA, 0.1 M NaCl, 10 mM 
2-mercaptoethanol) in an infiltration vessel that can accommodate several kilograms of leaf 
tissue at one time. A perforated metal plate was placed on top of tissue to weigh dovm the 
tissue. A vacuum was pumped to 620-695 mm Hg for 30 seconds and then quickly released. 
5 The tissue was rotated and the vacuum reapplied to achieve complete infiltration which was 
confirmed by a distinct daricening in color of the underside of the leaf tissue. Excess buffer on 
the tissue was drained. The interstitial fluid was released from the tissue by centrifuging the 
tissue in a basket rotor (10 in. x 4.25 in. Depfli, InterTest Equipment Services, San Jose, 
CA/Biosource Design 25-061 1000) at 3800 RPM (2100 x G) for 10-15 minutes. The interstitial 

1 0 fluid was collected by aspiration. In some instances only infected leaf tissue was harvested. 
Alternatively, petioles and stems have been harvested along with the leaf tissue for infiltration. 
The mid vein was not removed from the tissue prior to infiltration. 

Alpha galactosidase was purified by loading the dilute intercellular (feed stream) directly 
onto a Pharmacia Streamline 25® colunm containing Butyl Streamline® resin. Expanded bed 

1 5 chromatography enabled the capture, clarification and concentration of the protein in one step 
without the need for centrifugation and/or microfiltration steps. The column was equilibrated 
and washed until UV-signal on recorder returned to baseline with 25 mM bis tris propane, pH 
6.0 20% (NH4)2S04 and then eluted with 25 mM bis tris propane, pH 6.0. The eluted material 
was further purified on hydroxyapatite equilibrated with 1 mM NaP04 buffer, 5% glycerol, pH 

2 0 6.0 and eluted with either a 1-250 mM NaP04 buffer, 5% glycerol, pH 6.0 linear gradient or a 
step gradient. All chromatography steps were carried out at room temperature. 

Alpha galactosidase activity was measured by hydrolysis of the fluorescent substrate 4- 
methylumbelliferyl a-D galactopyranoside. Emyme activity was measured at 37°C in a reaction 
mixture containing 5 mM methylumbelliferyl a-D galactopyranoside, 0.1 M potassium 

25 phosphate, 0.15% Triton-XlOO®, 0.125% sodium taurocholate, 0.1% bovine serum albumin, pH 
5.9. Total protein was determined using the Bio-Rad Protein Assay® based on the method of 
Bradford (Bradford, M. Anal. Biochem. Tl.UZ; 1976). 
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From 1 kilogram of leaves, we typically obtain between 140-160 million units of alpha 
galactosidase at a specific activity of 800,000 units following a single infiltration procedure (IF- 
1). 

5 Table 10 below contains data that is representative of several experiments. 

EXAMPLE 12: Pilot Scale Purification of Glucocerebrosidase from the Leaf Interstitial Fluid 
and of Recombinant Virus from the Leaf Homogenate of Field Grown Tobacco 

Transgenic tobacco (MD609) expressing the lysosomal enzyme glucocerebrosidase was 

1 0 mechanically inoculated with a tobacco mosaic virus derivative containing a coat protein loop 
fusion, TMV291, (Turpen, et.al., 1995, Bio/Technology 13:23-57). A total of 100 kg of 
transgenic, transfected leaf tissue was harvested from the field, five weeks post inoculation. The 
tissue was stripped off the stalks by hand and weighed. Five kilograms of leaves were placed 
into polyester bags (Filtra-Spec®, 12-2-1053) and four x 5 kg bags of leaves were placed into a 

1 5 metal basket. The metal basket containing Ae leaf material was placed in a 200 liter Mueller® 
vacuum tank containing ~ 100 liters of buffered solution (0.1 KPO4 buffer, pH 6.0, 5 mM 
EDTA, 0,5% taurocholic acid, 10 mM 2-mercaptoethanol), A 70 lb. stainless steel plate was 
placed over ibe leaves/bags to assure complete immersion. A vacuum was pumped to 695 mm 
Hg, held for 1 minute and then rapidly released. This vacuum infiltration was repeated for a 

2 0 total of two cycles. Multiple applications of the vacuum without isolating the interstitial fluid 
constitutes a single infiltration procedure. An indication of complete infiltration is a distinct 
darkening in color of the underside of the leaf tissue. Following the vacuum infiltrations, the 
leaves and basket were removed from the vacuum tank. The bags containing the vacuum 
infiltrated leaves were allowed to gravity drain surface buffer for ~ 10 minutes, prior to 

25 centrifugation. The interstitial fluid (IF) was recovered from the vacuum infiltrated leaves by 
centrifugation (1,800 x G, 30 minutes) using a Heine® basket centrifuge (bowl dimensions, 28.0 
inches diameter x 16.5 inches). Collected IF was filtered through a 50 ^ cartridge filter and then 
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Attorney's Docket Nd!! 801.135.CNUS04 
stored at 4**C, until the entire 100 kilograms of tissue was infiltrated. This process was 
repeated with the next set of four 5 kg bags (5 cycles x 20 kg total) until all the tissue was 
infiltrated. Additional buffer was added during each infiltration cycle to completely immerse 
the tissue. 

5 Recombinant GCB was purified by loading the dilute intercellular (feed stream) directly 

on a Pharmacia Streamline 200® column containing Phenyl Streamline® resin. Expanded bed 
chromatography enabled the capture, clarification and concentration the protein in one step 
without the need for centrifiigation and/or microfiltration steps. The column was equilibrated 
and washed until the UV-signal on the recorder returned to baseline with 25 mM citrate, 20% 

10 ethylene glycol, pH 5.0; the bound enzyme was eluted with 25 mM citrate, 70% ethylene glycol. 
The eluted material was sterile filtered by passing the eluted material through a 1 sq. ft. 0,8 |Lun 
Sartoclean GF® capsule followed by a 1 sq. ft 0.2 \m Sartobran P® sterile filter (Sartorius, 
Corp.) and stored at 4°C until the next chromatography step. The eluted material from 4-5 days 
of Phenyl Streamline® chromatography runs was pooled together and fiirther purified on a 

1 5 cation exchange resin, SP Big Beads® (Pharmacia), equilibrated in 25 mM citrate, 75 mM 
NaCl, pH 5.0. GCB was eluted with a step gradient of 25 mM citrate, 0.4 M NaCl, 10 % 
ethylene glycol, pH 5.0. All chromatography steps were carried out at room temperature. The 
eluted material was sterile filtered by passing the eluted material through a 1 sq. ft. 0.8 um 
Sartoclean GF® capsule followed by a 1 sq. ft. 0.2 ^m Sartobran P® sterile filter (Sartorius, 

20 Corp.) and stored at 4°C. 

Using the suicide substrate, conduritol 6-epoxide (CBE), inhibition of recombinant 
glucocerebrosidase (rGCB) activity in the presence of plant glucosidases was achieved. Enzyme 
activity was measured at 37''C in a reaction mixture containing 5 mM methylumbelliferyl 6-D 
glucoside, 0.1 M potassium phosphate, 0.15% Triton-XlOO®, 0.125% sodium taurocholate, 

25 0.1% bovine serum albumin, pH 5.9 with and without CBE. Total glucosidase activity and 
iGCB activity were measured by hydrolysis of the fluorescent substrate 4-methylumbelliferyl 
glucopyranoside. Total protein was determined using the Bio-Rad Protein Assay® based on the 
method of Bradford (Bradford, M. Anal. Biochem. 72:248 (1976)). 
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The quantity remaining of virus present in BF extracted leaf tissue was determined using 
homogenization and polyethylene glycol precipitation methods. In addition, the amoimt of virus 
present in the pooled, interstitial fluid was determined by direct polyethylene glycol 
precipitation. Final virus yields from precipitated samples was determined 
5 spectrophotometrically by absorbance at 260 ran. (see Table 1 1) 



Table 11 



Sample 


Virus Titer 


Pooled IF 


0.004 mg virus/g fiesh weight, 0.010 mg virus/ml IF 


Homogenized leaf tissue 
following IF Extraction 


0.206 mg virus/g fresh weight 



Table 12 contains the GCB recovery data from TMV transfected plant tissue. 
1 0 Hiis example demonstrates the ability to extract two different products from the same 

leaf tissue based upon extraction procedures that specifically target products localized in the 
apoplast and cytosol. 

While the invention of this patent application is disclosed by reference to the details of 
preferred embodiments of the invention, it is to be understood that this disclosure is intended in 
15 an illustrative, rather than limiting, sense. It is contemplated that modifications will readily 
occur to those skilled in Qie art, within the spirit of the invention and the scope of the appended 
claims. It is further understood that the instant invention applies to all proteins produced or 
capable of being recombinantly produced in plants, and is clearly not limited to those proteins 
specifically described herein. 

20 

EXAMPLE 13: Large Scale Centrifugation of IF Fractions 

The following example illustrates a scale-up procedure for the production of IF extract 
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using a discontinuous batch method that will produce a constant stream of IF extract to 
downstream processing. This procedure consists of the following elements: 

1 . Automated Whole Leaf Harvesting 

2. Large Scale Continuous Infiltration 
5 3. Large Scale Basket Centrifugation 

There are at least two full-scale, whole leaf harvester designs available. One has been 
developed by R. J. Reynolds Company and has been used at their Avoca facility in North 
Carolina. The other harvester has been developed by University of Kentucky, Agricultural 
Engineering department and has been demonstrated for three seasons in Daviess County 

10 Kentucky in commercial tobacco fields. These harvesters have shown the capablilty to cut 

intact plants, strip-off whole leaves and separate the leaves and stem tissue at rates over several 
acres per hour. The leaves will then be transported to the extraction facility in trailers. 

The leaves will then be unloaded by mechanical conveyor and continuous weigh belt 
feeder into the vacuum infiltration system. Two systems have been designed. System 1 (Figure 

15 1) is a bulk tank. This tank is constructed for full vacuum and is rotatable at low (less than 50) 
rpm so that all leaves are immersed in the infiltration medium. A vacuum is created by 
conventional mechanical vacuum pumps or by a steam ejector to a vacuum equal to 21 inches of 
water column pressure. The vacuum is then released causing infiltration of the tissue. The 
vessel is then drained to a secondary tank for buffer reuse and the leaf tissue is discharged from 

20 the vessel via an auger in the bottom of the tank to a discharge port and onto a conveyor. This 
conveyor transports the leaves to the basket centrifuge via a weigh belt. The weigh beh insures 
that a measured amount of material is added to the centrifuge for each centrifligations cycle. 
System 2 is a continuous vacuum infiltration system. This system consists of large cylindrical 
tube that has an internal auger conveyor (Figure 2). The cylinder is placed at an angle. The 

2 5 cylinder is partially filled with the infiltration fluid. The cylinder is under vacuum provided by 
conventional vacuum pumps or a steam ejector to approximately 21 inches of water column 
pressure. Leaf tissue is added through a rotary valve that maintains the vacuum as it adds tissue. 
The leaf tissue is then immersed for a period of time in the buffer as it travels up the tube, 
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conveyed by the auger. The infiltrated leaves are discharged at the elevated end of the auger 
through another rotary valve. At this point flie vacuum is released. This type of pressure vessel, 
equipped with rotary valves and an auger transport flight is adapted from a pressure vessel 
design by Christian Engineering (San Francisco) that is used for continuous cooking of rice and 
5 other materials using steam pressure. Once discharged, the leaves are transported to the basket 
centrifuge via a conveyor equipped with a wei^ belt The weigh belt functions as stated above 
to insure the proper charge of material for each cycle of the basket centrifiige. 

The basket centrifuge is a modification of a basic Sanborn (UPE) design for the 
vegetable industry for dewatering salad greens after washing. The centrifuge is a basket design 

1 0 with a cone type spindle on the inside of the basket. The basket is a two piece design that 
accomplishes the separation of the bottom plate from the cylinder via a hydraulic piston. The 
centrifuge is loaded at very low speed (i.e., low RPM or low G force) via a conveyor that is 
placed over the center of the basket equipped with the cone spindle. As the material drops from 
the conveyor it is deflected by the cone evenly upon the side of the perforated basket. When the 

1 5 charge of the leaves is complete the auger stops and the basket is accelerated to 2000-2500 x G 
for approximately 5-60 min. The IF fluid is recovered from the centrifuge. At the end of the 
centrifugation the basket is decelerated to a low rpm. The bottom of the basket is separated 
from the sides (cylinder) by the action of the hydraulic piston. The leaf tissue is discharged to a 
conveyor, the bottom of the centrifuge is closed and the cycle is repeated. This design requires 

2 0 that a rotor and drive be designed that can be rated for the higher G force. Typically the Sanborn 
type machines are only rated for 600 to 800 G. It is, however, within normal engineering 
parameters to construct such an upgraded machine for this unique application. 



